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The title hydrated salt, C 30 H 26 N 6 2+ Á2C 9 H 5 N 4 O À Á3H 2 O, was obtained as an unexpected product from the hydrothermal reaction between potassium 1,1,3,3-tetracyano-2-ethoxypropenide, 4,4 0 -bipyridine and iron(II) sulfate heptahydrate. The cation lies across a twofold rotation axis in the space group I2/a with the other components all in general positions. In the cation, the H atom linking the pyridine units is disordered over two adjacent sites having occupancies of 0.66 (4) and 0.36 (4), i.e. as N-HÁ Á ÁN and NÁ Á ÁH-N. The water molecules of crystallization are each disordered over two sets of atomic sites, having occupancies of 0.522 (6) and 0.478 (6) for one, and 0.34 (3) and 0.16 (3) for the other, and it was not possible to reliably locate the H atoms associated with these partial-occupancy sites. In the crystal, four independent C-HÁ Á ÁN hydrogen bonds link the ionic components into a three-dimensional network.
Chemical context
In recent years, the use of polynitrile anions as coordinating ligands for the construction of polymeric architectures with interesting properties has been a burgeoning subject in materials and coordination chemistry (Thé tiot et al., 2003; Benmansour et al., 2007; Atmani et al., 2008) . These anions are versatile structural components, leading to many different architectures in zero, one, two or three dimensions, and incorporating most of the 3d transition metals (Benmansour et al., , 2010 (Benmansour et al., , 2012 Yuste et al., 2009; Setifi, Domasevitch et al., 2013; Setifi, Lehchili et al., 2014) . This versatility is based on two main properties of these ligands: (i) the ability to act as bridges, given the linear and rigid geometry of the cyano groups, and (ii) the possibility of functionalization with different potentially coordinating groups that leads to a high variety of coordination modes. To take advantage of this behaviour we have been using these organic anions in combination with other chelating or bridging neutral co-ligands to explore their structural and electronic characteristics of the resulting complexes, particularly with reference to molecular materials exhibiting interesting magnetic exchange coupling behaviour. During the course of attempts to prepare such complexes with 4,4 0 -bipyridine, we isolated the title compound (I) (Fig. 1 and Scheme 1), whose structure is reported here. À , and three water molecules. The cation lies across a twofold rotation axis, selected for the reference cation as that along (0.25, y, 0.5), while the other components all lie in general positions. Within the cation, the H atom linking the 4,4 0 -bipy units is disordered over two adjacent sites having occupancies of 0.66 (4) and 0.36 (4), and the two independent water molecules are also disordered, both over two atomic sites, with one having occupancies of 0.522 (6) and 0.478 (6) and the other having occupancies of 0.34 (3) and 0.16 (3).
Structural commentary
In the cation, the dihedral angle between the two symmetryrelated rings of the central unit is 37.60 (4) , the dihedral angle between the rings containing atoms N11 and N21 is 85.96 (5) and that between the rings containing atoms N21 and N31 is 29.33 (3) (cf. Fig. 1 ). In the anion, the corresponding pairs of bond distances and bond angles associated with the two C-C(CN) 2 units containing the atoms C41 and C43 are very similar. In addition, the C-C distances in the C(CN) 2 fragments are all short for their type [mean value (Allen et al., 1987) 
Supramolecular interactions
The two independent 4,4 0 -bipy units are linked by disordered N-HÁ Á ÁN hydrogen bonds, both of which are almost linear (Table 1 ). In addition, there are four C-HÁ Á ÁN hydrogen bonds in the structure: two of these have donor atoms, C13 and C15, which are part of the 4,4 0 -bipy unit containing N11
and acceptors in the anion, one has an acceptor in the 4,4 0 -bipy unit containing N21 and N31, and the fourth involves only the anion. Of these four interactions, the first two can be regarded as charge-assisted hydrogen bonds (Gilli et al., 1994) and it is interesting to note that the ethoxy O atom in the anion plays no role in the supramolecular assembly.
These six hydrogen bonds link the cations and anions into a three-dimensional network whose formation is readily analysed in terms of substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) in zero, one and two dimensions. It is convenient to consider firstly the hydrogen bonds between cations and anions. The anions and the central 4,4 0 -bipy units containing atom N11 which are related by translation along the [010] direction are linked to form the one-dimensional substructure in the form of a ribbon of edge-fused R 2 4 (14) loops (Fig. 2) . Ribbons of this type, which are related by translation along [111] , are linked by the 4,4 0 -bipy units containing atoms N21 and N31 to form the two-dimensional substructure, a sheet lying parallel to (101) (Fig. 3) Table 1 Hydrogen-bond geometry (Å , ). 
Figure 1
The independent components of the structure of compound (I), showing the atom-labelling scheme, the complete central 4,4 0 -bipy unit and the hydrogen bond (shown as a dashed line) between the cation and anion within the selected asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level and the atoms marked with 'a' are at the symmetry position (Àx + involves inversion-related pairs of anions forming a centrosymmetric motif characterized by an R 2 2 (14) ring (Fig. 4) . Three of the partially occupied water sites are linked by C-HÁ Á ÁO hydrogen bonds (Table 1) (Setifi, Domasevitch et al., 2013) ; and compounds where the 1,1,3,3-tetracyano-2-ethoxypropenide unit acts as a ligand including a binuclear Cu complex in which it acts both as a bridging ligand between two Cu II centres and as a monodentate terminal ligand, thus [(2,2 0 -bipy)XCu] 2 (-X) 2 , (VIII) (Addala et al., 2015) , and a two-dimensional coordination polymer [X(1,10-phen)ClCu] n , (IX) .
Database survey
Of these examples, compounds (II), (III) and (IV) are most closely related to compound (I) reported here. In the structure of compound (II), a combination of N-HÁ Á ÁN and C-HÁ Á ÁN hydrogen bonds links the ions into ribbons containing alternating R 4 4 (18) and R 4 4 (26) rings; in (IV), where there are no N-HÁ Á ÁN hydrogen bonds, the ions are linked into sheets by C-HÁ Á ÁN hydrogen bonds, and in (III), an extensive series of N-HÁ Á ÁN and C-HÁ Á ÁN hydrogen bonds generates a threedimensional network, so that the supramolecular aggregation is one-, two-and three-dimensional in compounds (II), (IV) and (III), respectively.
Synthesis and crystallization
The salt K(tcnoet) was prepared according to a published method (Middleton et al., 1958) . The title compound was synthesized hydrothermally under autogenous pressure from a mixture of iron(II) sulfate heptahydrate (56 mg, 0.2 mmol), 4,4 0 -bipyridine (32 mg, 0.2 mmol) and K(tcnoet) (90 mg, 0.4 mmol) in water-methanol (4:1 v/v, 20 ml). This mixture was sealed in a Teflon-lined autoclave and held at 423 K for 2 d, and then cooled to ambient temperature at a rate of 10 K h À1 (yield 25%). Pale-yellow blocks of the title compound suitable for single-crystal X-ray diffraction were selected directly from the synthesized product.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The H atoms bonded to C or N atoms were all located in difference maps. The H atoms bonded to C atoms were subsequently treated as riding atoms in geometrically idealised positions, with C-H = 0.95 (pyridyl), 0.98 (CH 3 ) or 0.99 Å (CH 2 ), and with U iso (H) = kU eq (C) where k = 1.5 for the methyl group, which was permitted to rotate but not to tilt, and 1.2 for all other H atoms bonded to C atoms. The unique H atom bonded to N was disordered over two atomic sites, labeled H11 and H21, adjacent to atoms N11 and N21, respectively, and having unequal occupancies; for these two sites, the atomic coordinates were refined with U iso (H) = 1.2U eq (N), leading to the N-H distances shown in Table 1 and to refined site occupancies of 0.66 (4) and 0.36 (4) for H11 and H21, respectively. No H-atom sites associated with water atoms O5 and O6 could be located. Each of these water O atoms is disordered over two atomic sites: O5 is disordered over two sites, labelled O5A and O5B, which are separated by 0.963 (4) Å , while O6 is disordered over two sites, labelled O6A and O6B, which are separated by 0.627 (9) Å . Free refinement of the site occupancies of O5A and O5B gave values of 0.579 (7) and 0.512 (7), respectively; these values are not physically possible and both are over-estimates because of the lack of H atoms in the modelling of the water sites. Accordingly, the occupancies of O5A and O5B were constrained to sum to unity, giving values of 0.522 (6) and 0.478 (6). Free refinement of the site occupancies for O6A and O6B gave values of 0.36 (3) and 0.16 (3), and these values were subsequently restrained to sum to 0.500 (2) program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009) .
[Tris(4,4-bipyridine)]diium bis(1,1,3,3-tetracyano-2-ethoxypropenide) trihydrate
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (iii) −x+1, y+1/2, −z+3/2; (iv) −x+1/2, y+1, −z+1; (v) −x, −y−1, −z+1.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

